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Abstract 
Disasters jeopardize society, performance of economy, built environment, and other socio-economic and physical determinants 
not only in developing countries but also in developed nations. For example, every year Australian communities are subjected to 
the damaging impacts of disasters associated with climate change and sea level rise. Far little literature on disaster stakeholder 
management is present and even that has not scrutinized the concept in terms of stakeholder’s proactive and/or reactive 
approaches toward disasters. In addition, there exists insufficient information and support for developing and application of 
measurement tools to assess stakeholder’s responses to disasters. Hence, the aim of this study is to develop an index to measure 
Australian stakeholder’s approaches - proactive and/or reactive - against disasters in transport infrastructure. The Stakeholder 
Disaster Response Index (SDRI) is a composite index that allows direct comparison of stakeholders’ approaches, and describes 
the relative contributions of socio-economic, built environment and stakeholder’s attributes to that overall response. Results 
indicate that Australian Councils have chosen more reactive approaches than proactive tasks; moreover, stakeholder’s attributes 
are significant factor contributing to the implementation of proactive and/or reactive approaches, even when controlling for 
contextual characteristics. The research concludes the anticipated benefits of SDRI for direct comparison of different 
stakeholder’s approaches against disasters in society and the built environment. Such a comparison could be useful for 
governments, emergency institutions, and disaster management organizations as they allocate scarce resources among various 
stakeholders. Insurance and reinsurance companies could employ it as they plan their portfolio diversification and establish 
premiums for disaster insurance policies. Finally, it paves the way for stakeholders to have comprehensive plans for resilient built 
environment by taking more proactive approaches in disaster risk management. 
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1. Introduction 
Davidson and Lambert (2001) explained that natural disaster indices are appealing because they summarize a 
substantial amount of technical information in a way that people can easily understand. The benefits include (Cutter 
et al., 2003, Davidson and Lambert, 2001, Simpson and Katirai, 2006): (i) providing a more dynamic picture of 
disaster; (ii) comparison of vulnerability between different communities; (iii) efficient allocation of scarce resources; 
(iv) assessing disaster risk more effectively and accurately; and (v) understanding community preparedness. There 
have been few studies on developing disaster risk management indices, for example, Davidson and Lambert (2001) 
developed Hurricane Disaster Risk Index (HDRI) to compare the risk of hurricane disaster in U.S. coastal counties. 
Peduzzi (2006) designed multiple logarithmic regression model for natural disasters to measure the number of killed 
from catastrophes. A disaster risk management performance index is developed by (Carreño et al., 2007) to integrate 
four policies namely disaster risk identification, risk reduction, disaster management, and governance and financial 
protection. Balica et al. (2012) calculated Coastal City Flood Vulnerability Index (CCFVI) which is based on 
exposure, susceptibility and resilience to coastal flooding. The index demonstrates vulnerability of coastal flooding 
with considering hydro-geological, socio-economic and politico-administrative conditions.  
Although scholars and practitioners have developed indices pertinent to disaster risk management (Davidson, 
1997, Davidson and Lambert, 2001, Simpson and Katirai, 2006), there exists insufficient information and support for 
developing and application of measurement tools to assess stakeholders’ responses to disasters. Previous studies 
have shown that key stakeholders are playing a more reactive role than proactive in disaster risk management in the 
built environment (Bosher et al., 2009), however, no research has been found to measure stakeholders’ proactive 
and/or reactive approaches and their overall response to disaster.  
We have scrutinized disaster theories and their applications in the built environment and have encountered the 
following research question, “What are the stakeholders’ attributes that influence stakeholders’ overall response in 
managing disasters in the built environment”. This paper, hence, contributes to developing Stakeholder Disaster 
Response Index (SDRI) to measure local Councils’ responses against flood across state of New South Wales (NSW) 
in Australia particularly in transport infrastructure.  
2. Conceptual Framework for SDRI 
An overview of literature related to preparedness indices in disaster management indicates that few scholars have 
applied theories and paradigms in measuring disaster preparedness. These theories include: practice-based theory 
and a theory-based practice (Gillespie and Streeter, 1987), planning perspective (Perry and Lindel, 1978) and theory 
(Dynes and Drabek, 1994, McEntire et al., 2002). Albeit, the most frequently used theory is emergency management, 
there is no solid foundation of this theory to guide the development of disaster response indices. Furthermore, a 
suitable replacement has not been found, and one may never be accepted due to the increasing professional 
recognition of the name emergency management (Covington and Simpson, 2006).  Increasingly, few studies have 
focused on stakeholders’ roles and reaction behaviours against disasters in the built environment (Roberts, 2008). 
The aim of this paper is to propose a theoretical framework using stakeholder management theory in the 
development of stakeholder disaster response index. 
The conceptual framework for developing overall stakeholder disaster response (Fig. 1) provides the rationale for 
the selection of indicators included in the SDRI and the way in which they are combined. It suggests that six main 
constructs contribute to a Council’s overall flood response: (1) flood characteristics; (2) socio-economic condition; 
(3) transport infrastructure condition; (4) stakeholders' attributes; (5) proactive approach; and (6) reactive approach. 
Each of these six main factors is broken down into more specific sub-factors. 
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Fig. 1. Conceptual framework for SDRI. 
Flood characteristics, socio-economic condition, transport infrastructure condition and stakeholder attributes can 
be used to provide predictors of overall stakeholder response to flood disaster. Local government areas (LGAs) play 
an important role as they are responsible for providing infrastructure, preparing and responding to disasters, 
developing and enforcing planning, and connecting national government programs with local communities (Huq et 
al., 2007, UNISDR, 2011). Effective localised planning, mitigation, preparedness, response and recovery activities 
can minimise both the causes and consequences of natural disasters (Bulkeley, 2006). Therefore, the focal 
stakeholder in this study is LGA or Council across NSW. 
3. Flood disaster characteristics 
Undoubtedly, flood characteristics are important components to measuring flood damage. Leroy (2006) defined 
that three factors, such as time, area and societal characteristics, play imperative roles in amplifying natural disasters. 
Merz and Blöschl (2004) proposed flood type, flood-generating process, region or zone and frequency are common 
characteristics of flood disaster. We have regarded flood frequency, severity and type as flood characteristics in this 
study for identifying hazards. Flood frequency refers to the average number of major floods per year and flood 
severity is classified as minor, moderate and major flooding. Floods type include river (fluvial) floods, flash floods, 
urban floods, pluvial floods, sewer floods, coastal floods, and glacial lake obstruct floods. River flooding is more 
likely to be a problem than other types of flooding. In Australia too, the most common form of flooding is river 
flooding (Emergency Management Australia, 1999). 
4. Socio-economic and transport infrastructure: Exposure and vulnerability 
Hochrainer (2006) pointed out that for an effective disaster risk management, information is needed about (i) the 
characteristics of the disaster and (ii) the degree of exposure and vulnerability of the society, economy and the built 
environment. Therefore, exposure and vulnerability are key determinants of disaster risk (IPCC, 2012). In this study, 
we have focused on the relationships of flood characteristics, exposure and vulnerability of society, economic and 
transport infrastructure to flood damages. Exposure refers to the presence of people, livelihoods, environmental 
services and resources, infrastructure, or economic, social, or cultural assets in places that could be adversely 
affected by flood. Vulnerability is the propensity or predisposition to be adversely affected.  
Transport infrastructure is vulnerable to extremes in temperature, precipitation/river floods, and storm surges, 
which can lead to damage to road, rail, airports, and ports (Meyer, 2008). Transport infrastructure is considered 
vulnerable to flooding but exposure and impacts will vary, for example, by region, location/ elevation, and condition 
of transport infrastructure. Bridges and culverts are the most vulnerable elements in transport infrastructure in areas 
with projected increases in flooding (IPCC, 2012, Meyer, 2008). Because the lifetime of these rigid structures is 
longer than average road surfaces and they are costly to repair or replace. Thus, we have only focused on roads and 
bridges in this study.  
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5. Stakeholder attributes and theory 
In Freeman (1984) stakeholder theory, power, legitimacy and urgency are the three distinctive stakeholder 
attributes. Power is the probability that a stakeholder would be in a position to carry out its own will despite 
resistance. The power of a stakeholder allows them to mobilise social and political forces and to withdraw resources 
from an organisation (Olander, 2007, Post et al., 2002). Legitimacy is a generalised perception that the actions of a 
stakeholder are desirable or appropriate. Legitimacy gives opportunity to a stakeholder to abide some sort of 
beneficial or harmful risk pertinent to an organisation. In disaster risk management, legitimacy is a generalised 
assumption that the behaviour of a stakeholder is proper within socially constructed systems of norms, mandates and 
procedures. Urgency is a degree to which a stakeholder claims call for immediate attention (Mitchell et al., 1997, 
Olander, 2007). It is hence essential to investigate the role of stakeholder attributes in exacerbating or ameliorating 
the exposure and vulnerability of socio-economic conditions of a specific region. Furthermore, power, legitimacy 
and urgency could be leading attributes in reducing the devastating consequences of disasters.  
Stakeholder theory combines power, legitimacy and urgency attributes to propose dynamism in the systematic 
identification of stakeholders and to justify why different stakeholders might take different approaches to events 
(Olander, 2007). We show that stakeholder attributes play an important role in defining overall stakeholder disaster 
risk response and would most probably the significant factor in justifying SDRI. 
Although there are two approaches to tackling disasters - proactive and reactive - most studies have claimed that 
stakeholders often resolve the predicaments arisen in disasters by reactive approaches (Bosher et al., 2009, Brilly and 
Polic, 2005, Loosemore and Hughes, 1998).  
6. Research method 
6.1. Research design and data collection method 
We collected our research data from (1) Road and Maritime Services (RMS), (2) Bureau of Meteorology (BOM), 
and (3) Australian Bureau of Statistics (ABS). In addition, we conducted a web-based structured survey among 
LGAs of NSW. RMS provided us with access to their post-disaster reconstruction projects database. This database 
includes a broad range of detailed information on the transport infrastructure recovery projects across NSW between 
the period of 1982 to 2012 for mainly flood, storm and bushfire disasters. Specifically, we have just focused on post-
flood reconstruction projects. A part of flood characteristic information and socio-economic exposure and 
vulnerability were collected from databases provided by BOM and ABS, respectively. Finally, we collected 
stakeholders' approaches information through a survey from LGAs or local Councils across NSW. Since all LGAs 
are not susceptible to flood disaster, we have focused only on LGAs who are members of the Flood Management 
Associations (FMA). In order to accelerate the data collection process, FMA acknowledged distributing our survey 
to its members, giving a response rate of 48%. The number of respondents (36 out of 74 LGAs) is relatively low but 
statistical analysis could still be performed. The questionnaire was pilot tested before the LGA-wide survey was 
conducted.  
6.2. Data analysis techniques 
We decided to use the PLS-SEM approach because this method (1) predicts relationships among constructs in an 
exploratory fashion, (2) achieves high levels of statistical power with small sample sizes, (3) does not require any 
distributional assumption, (4) handles constructs measured with single and multi-item measures, and (5) extracts 
latent variable scores (index). There are, however, several limitations of PLS-SEM. Its application for theory testing 
and confirmation is limited, because it does not provide sufficient global goodness-of-model fit measures. 
Increasingly, PLS-SEM parameter estimates in terms of bias and consistency are not optimal (Hair Jr et al., 2013).  
We used SmartPLS 2.0 (Ringle et al., 2005) software to evaluate the structural model. In evaluating and reporting 
the results, we followed recent guidelines for PLS-SEM (e.g., Hair Jr et al., 2013, Wong, 2013) and assessed 
measurement models before the structural model.  
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7. Results 
7.1. Stakeholder Disaster Response Index (SDRI)  
An important property of the PLS-SEM method is the extraction of latent variable scores. Importance-
performance matrix analysis (IPMA) is a useful tool in developing the latent variable scores (Hair Jr et al., 2013). 
IPMA contrasts the structural model's total effects (importance) and the average values of the latent variable scores 
(performance) to shed light on significant areas for the improvement of management activities. We have used the 
concept of IPMA to develop an index to measure the Council’s overall response toward Disaster Risk Management 
(DRM) in the built environment, particularly in transport infrastructure. Hence, the general form of the SDRI is as 
follows: 
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Where ix  is the i
th measurement variable of overall stakeholder response, iw is the weight, and n is the number of 
measurement variables. Table 1 presents the results of the total effects (importance) and index value of SDRI 
(performance) used for IPMA. 
Table 1. SDRI and total effects for the stakeholder overall flood response. 
Constructs Total effects SDRI 
Stakeholder attributes 0.220 58.132 
Mitigation 0.060 58.931 
Preparedness 0.002 48.054 
Response 0.092 47.766 
Recovery 0.059 53.354 
Proactive approach 0.107 61.111 
Reactive approach 0.356 68.055 
 
IPMA of SDRI reveals that the proactive approach is of primary importance in establishing SDRI.  However, its 
importance is slightly low when compared with the other constructs. Stakeholder attributes has high importance and 
performance in defining SDRI compared with proactive approach and other constructs.  Mitigation, preparedness, 
response and recovery activities have little relevance because they are of low importance even though they have 
relatively high performance.  Finally, the reactive approach is the pivotal construct to define SDRI because it has 
high importance and performance compared with other constructs. 
7.2. Reliability and validity of SDRI  
The general applicability of the SDRI model across stakeholders depends on the reliability and validity of the 
modeling results that, in turn, can be examined from several aspects. First, the indicators of the reflective constructs 
should be reliable. This can be evidenced by the fact that the relevant standardized indicator loadings for all 
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indicators in SDRI model are positive and significant. Second, each reflective construct should be reliable, which 
can be examined by its average variance extracted (AVE). According to (Hair Jr et al., 2013), a construct’s AVE 
should be, at least, higher than 0.5 to guarantee more valid variance explained than error in its measurement. In the 
SDRI, all constructs met this criterion, for example, Table 2 shows that the AVEs of stakeholder attributes, response 
and recovery are higher than 0.60 and mitigation, and preparedness have AVEs higher than 0.50. In other words, the 
correlations between each reflective construct and its indicators that are supposed to measure it were high. On the 
other hand, no consistent increases or decreases in AVEs were observed, which implies stable reliability. It is 
important to note that AVE for proactive, reactive and overall response are 1.000 because of the fact that those 
constructs have single indicator. The model should be able to explain the constructs, which can be done by checking 
the multiple R-squares (R2s) of the unstandardized latent structural equations. Table 2 also illustrates that in the 
SDRI model, the R2s for structural equations used to predict stakeholder overall response were quite high for all 
constructs. For instance, R2 for overall stakeholder response (SDRI) is very high (0.647) indicating level of 
predictive accuracy is acceptable.  
Table 2. SDRI’s model validity and reliability. 
Constructs AVE R2 
Stakeholder attributes 0.819 0.422 
Mitigation 0.515 0.201 
Preparedness 0.580 0.290 
Response 0.609 0.395 
Recovery 0.660 0.327 
Proactive approach 1.000 0.224 
Reactive approach 1.000 0.463 
Overall response (SDRI) 1.000 0.674 
8. DISCUSSION 
First, flood characteristics have substantial impacts on flood damages in Australia. We found that flood severity, 
flood frequency and flood type are the most contributing factors in the determination of flood losses. Australian 
transport infrastructure is very susceptible to major flooding and river floods. Therefore, stakeholders, in particular 
LGAs, should take necessary measures in DRM for (1) zoning and land use controls to prevent construction of roads 
and bridges in river flood prone areas, (2) developing engineering design standards for resilient roads and bridges 
and (3) designing comprehensive, proactive flood disaster risk management procedures and mandates. In general, the 
observed or modelled relationship between socio-economic exposure and vulnerability, and flood impacts indicates 
that a wealthier LGA is better equipped to manage the consequences of flood disasters by reducing the risk of impact 
and by managing the impacts when they occur. This is due to higher Gross Regional Product (GRP) per capita, 
higher income levels and lower population density. Furthermore, LGAs with less flood impacts have higher degree 
of power, legitimacy and urgency in DRM. 
Second, we found that a reactive approach has high importance and performance in denoting the Councils’ 
overall response in flood risk management in NSW. Although there are two approaches to tackle the natural 
disasters; reactive and proactive approaches, most studies have claimed that the stakeholders often resolve the 
predicaments arisen in natural disasters by reactive approaches. We argue that a proactive approach should be the 
leading factor in defining SDRI. In this, Councils should take necessary measures in mitigation and preparedness 
activities in order to enhance the importance and performance of the proactive approach. Councils across NSW have 
shown high reactive approaches. Therefore, they need to show that they have high performance in DRM which this 
would most probably happen by practicing proactive approaches.  
Third, stakeholder attributes have a significant role in SDRI as well. By increasing Council’s power, legitimacy 
and urgency, we can improve Council’s overall response to flood disasters, particularly in transport infrastructure 
across NSW. The power enables them to equip social and political forces and to benefit from DRM resources from 
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their respective organisation. Legitimacy gives opportunity to LGAs to follow beneficial or harmful risks pertinent 
to floodplain risk management. In DRM, legitimacy is a generalised assumption that the behaviours of LGA are 
proper within socially constructed systems of norms, mandates and procedures. Finally, urgency enables LGAs to 
claim call for immediate response and recovery in the reactive approach. Improving stakeholders attributes would 
most likely result in decreasing the exposure and vulnerability of socio-economic and the built environment 
conditions. 
Finally, apart from the benefits of developing natural disaster indices, there are some issues and limitations in 
measuring disaster risk and preparedness indices such as subjectivity, bias, weighting, mathematical combinations, 
selection of indicators and data sources (e.g., Cobb and Rixford, 1998; Cutter, 1996; Davidson and Lambert, 2001). 
Although expert opinion increases subjectivity in generating weights for indicators, mathematical modeling is more 
objective in nature.  Mathematical modeling reduces level of subjectivity for weighting by utilizing mathematical 
procedures such as standard regression analysis or a factor analysis (Cutter, 1996, Davidson and Lambert, 2001, 
Dwyer et al., 2004). For example, Davidson (1997) utilized regression and factor analysis to reduce the subjectivity 
and weighting issues in DPI.  
9. CONCLUSION 
The research presented in this paper establishes a novel approach to DRM. The development of the Stakeholder 
Disaster Response Index brings together a body of knowledge about stakeholders’ approaches to form a wide range 
of disciplines to provide three principal benefits. First, SDRI allows direct comparison of the relative overall 
stakeholders’ responses to flood disaster. It indicates whether stakeholders have been proactive or reactive in their 
approaches. Many factors (e.g., flood frequency, type, severity, exposure and vulnerability of society, economy and 
built environment, stakeholder attributes) contribute to SDRI. A stakeholder may have a relatively high overall 
response to flood disaster, however, this high response could be because of more reactive approaches rather than 
proactive tasks. Such a comparison could be useful for governments as they allocate resources among various 
stakeholders. Insurance and reinsurance companies could employ it as they plan their portfolio diversification and 
establish premiums for disaster insurance policies. Second, by monitoring and controlling the index periodically, 
stakeholders’ responses over time could be monitored with the SDRI. Third, by developing a proactive procedure in 
DRM, we could assess stakeholders on a regular basis and help them to shift their approach from reactive to more 
proactive providing that stakeholders’ attributes (power, legitimacy and urgency) in DRM should be paid attention to 
by governments and other authorised organisations. 
Future researches and DRM practitioners can repeat the process, altering the details to fit their specific goals and 
resources. With this methodology established, future researchers can create variations of the SDRI with relative ease. 
The interactions among mitigation, preparedness, response and recovery will have a major influence on resilient and 
sustainable pathways. Therefore, SDRI can open a new avenue for a resilient and sustainable future. 
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